INTRODUCTION
IN CARDIOVASCULAR ANAESTHESIA in recent years, two techniques, fentanyl and droperidol "Neuroleptanaesthesia," and one using morphine as the primary agent, have shared popularity. 1-8 Knowledge of the undesirable side effects associated with these techniques, led us to postulate that another tranquillizer-analgesic combination might have some advantages and fewer side-effects.
A review of the pharmacological studies pertaining to analgesics and tranquillizers revealed that pentazocine (dimethylallyl-phenazocine) has minimal cardiovascular depression. TM Pentazocine is a potent analgesic which is not a narcotic. It was therefore selected as the analgesic for this study. A pilot study was carried out, using pentazocine in a large dose as the analgesic, and droperidol or diazepam as the tranquillizer. A study of 42 surgical cases, ten of which were open heart operations, showed that diazepam was the better of the two tranquillizers.
In this paper, we present an initial series of 320 unselected open-heart operations with cardiopulmonary bypass, anaesthetized by using primarily the combination of diazepam with pentazocine. The data obtained was used as the basis for the evaluation of this combination.
MATERIALS AND METHODS
Three hundred and twenty patients were anaesthetized with a combination of diazepam and pentazocine. Two hundred and twenty-nine were males (71.6 per cent) and 91 were female patients (28.4 per cent). They ranged in age from two to seventy-six years and were undergoing operations for various congenital and acquired heart abnormalities. Type of operation and the number of patients are listed in Table I .
The majority of the patients fell within the A.S.A. classification Group III. Adult premedication, consisting of hydroxyzine 50 mg, meperidine 50 mg, and atropine sulphate 0.4 mg, was given intramuscularly, approximately one hour prior to induction of anaesthesia. Children received meperidine and atropine sulphate in doses appropriate for age, weight, and physical status of the individual child.
Upon arrival in the operating room, pre-induction preparation of the patients consisted of establishment of two intravenous infusion routes, ECG electrodes, finger probe for pulse monitoring, blood pressure cuff, rectal and tympanic membrane temperature probes, and Foley urethral catheter. In several cases, the EEG was also monitored and recorded in continuous tracings. A CVP catheter was inserted under local infiltration anaesthesia, and ulnar artery was eannulated for direct blood pressure monitoring. Induction of anaesthesia in adult patients was accomplished with intravenous diazepam and pentazocine. The dose was calculated on the following basis. Diazepam, 0.4 mg/kg male patients, 0.3 mg/kg female patients; pentazoeine, 2 mg/kg male patients, 1.5 mg/kg female patients. Initially, one-third of the calculated dose of diazepam was given in 5 mg increments. Following this, the pentazoeine, diluted to 0.1 per cent (1 mg/ml) in a solution of 5 per cent dextrose in water, was infused at a rate estimated to give the calculated induction dose over a period of ten to fifteen minutes. During administration of the pentazoeine, the patient was hyperoxygenated and denitrogenated with oxygen at a ten-litre per minute flow by mask and the respiratory pattern was observed. After approximately 80 per cent of the induction dose of pentazocine ( 60 to 90 mg) had been infused, the remainder of the calculated dose of diazepam was given intravenously. With the patient asleep, the trachea was intubated, using 0.8 mg/kg of suceinylcholine chloride as the relaxant.
Induction of paediatric patients was accomplished either by high concentrations of cyclopropane in oxygen, or by an intramuscular injection of ketamine hydrochloride, 5 mg/kg. Succinylcholine chloride, 2 mg/kg, was given intramuscularly and naso-traeheal intubation was performed using a Jackson-Rees nasotracheal tube.
In the first 50 cases oxygen was used alone during induction and maintenance. However, this resulted in administration of excessive doses of pentazocine and diazepam. As a consequence, 50 per cent nitrous oxide was added in the subsequent cases (except during eardiopulmonary bypass). Respiration was controlled by either an Air-Shields or Brompton-Manley respirator. Muscle relaxation was provided by intravenous administration of either d-tubocurarine chloride (0.3 mg/kg) or paneuronium bromide (0.05 mg/kg). Maintenance of anaesthesia was accomplished by incremental intravenous administration of diazepam (5 mg) and pentazoeine (10 to 20 mg), supplemented with 50 per cent nitrous oxide and oxygen. During cardiopulmonary bypass, drugs were administered through the oxygenator as required. Blood gas analysis was done prior to and every 30 minutes during cardiopulmonary bypass. In selected cases impedance cardiograms were taken to determine physiological changes during the induction and to assess stroke volume and cardiac output. In the first 40 unselected cases, naloxone hydrochloride (0.4 to 2.0 rag) was purposely given intravenously at the end of anaesthesia to investigate its antagonistic effects on the respiratory and neurophysiological depression from the large doses of pentazocine.
Upon completion of the operation, the tracheal tube was left in situ and in the cardiac intensive care unit the patient was ventilated by a volume limited ventilator ( M6rch's piston ventilator for adults, Engstr6m paediatric unit for children), using moderate hyperventilation. Periodic blood gas analysis as an indicator of acid-base balance and oxygenation was utilized for 6 to 9.0 hours post-operatively. The tracheal tube remained in place during this time.
RESULTS
Following the initial dose of diazepam and pentazocine, all patients showed good sedation with varying degrees of respiratory depression. However, they were still able to respond to verbal stimuli, taking deep inspirations on command. Administration of the balance of the calculated induction dose of diazepam and pentazoeine produced a clinically satisfactory level of light anaesthesia. However, because of the diminished respiratory rate and volume, it was usually necessary to assist the patient's respiration prior to the administration of suceinyleholine chloride for tracheal intubation.
hnpedance cardiogram studies during induction showed approximately 15 per cent increase in sta'oke volume and cardiac output, the rate remaining essentially unchanged ( Figure 1 ). There were no significant changes in the ECG pattern. The CVP changes during induction and prior to partial bypass are shown in Table II . Except for the patients with mitral and/or aortic valve disease, the blood pressure and pulse rate tended to increase during induction. Table III shows the percentage of patients displaying changes in blood pressure and pulse rate from induction to establishment of partial bypass.
Thirteen patients receiving 15 mg of d-tuboeurarine, and ten patients receiving 4 mg of pancuronium bromide, in a single dose, required a vasopressor for treatment of hypotension after induction. In each ease, neosynephrine 0.1 to 0.2 mg was given intravenously with a satisfactory response. Maintenance of anaesthesia was readily aceornplished by incremental administration of diazepam and pentazocine, based on clinical assessment of blood pressure, pulse, and pupillary response to surgical stimulation. During cardiopulmonary bypass, nine patients developed hypertension caused by mild hypothermia with its concomitant vasoconstriction. These patients responded to a total dose of 2.5 to 5 mg of chlorpromazine intravenously. From the termination of bypass to the end of the operation further medication was rarely required, anaesthesia being adequately maintained with 50 per cent nitrous oxide and oxygen in the majority of eases. Electroencephalograms showed patterns typical of narcotic-nitrous oxide and oxygen anaesthesia throughout the procedure. At no time were convulsive patterns observed. Urinary output was well maintained and potassium chloride 40 to 80 meq was administered during the operation when indicated by electrolyte analysis. The majority of patients responded to verbal stimulation within a few minutes after discontinuation of the nitrous oxide. Some patients did show varying degrees of respiratory and neurophysiological depression. In the first 40 unselected cases, naloxone hydrochloride was given intravenously. Prompt awakening, with ade- quate spontaneous respirations, an increase in blood pressure and pulse rate, were observed with the incremental doses of naloxone hydrochloride. However, some of the patients who received naloxone hydrochloride for reversal became restless and strained on their tracheal tubes. Since it is our routine to leave the tracheal tube in place for post-operative respiratory care, restlessness and straining were undesirable. Consequently pentazocine reversal was discontinued for the remainder of the cases unless it was indicated. Table IV shows the anaesthetic time for the various operations and the average dosage of drugs to maintain an adequate level of anaesthesia. The maximum doses of diazepam, pentazocine, and pancuronium were 65 mg, 780 mg, and 14 mg, respectively.
In the immediate post-operative period, the patients remained calm, responded to verbal instructions, and tolerated their tracheal tubes well. The time of the first dose of post-operative analgesic varied from 1.5 to 19.5 hours, with an average time of 7.45 hours. When required, morphine sulphate (3 to 5 mg I.V.) yeas usually sufficient for the initial postoperative sedation and analgesia. There was total amnesia for the operation in nearly all of the cases. However, three patients definitely recalled the defibrillation procedure. This is a very strong stimulus and has a definite anti-anaesthetic action. Complications encountered during the first seven post-operative days are shown in Table V . DISCUSSION Although morphine and fentanyl have little effect on myocardial contractility, particularly in subjects with cardiac disease, several problems have arisen with these techniques. 7.15
When one defines anaesthesia as a state of analgesia and unconsciousness, with no increase in neurological reflexes or muscle tone, morphine sulphate in large dosage definitely has effective anaesthesia properties. However, hypotension may occur during induction of morphine anaesthesia, necessitating the administration of fluids, blood and/or vasopressors, especially in patients with intractable heart failure. The prolonged and excessive respiratory and neurological depression from morphine, with slow recovery of systemic vascular tone due to direct vascular depression from histamine release, may result in an undesirable postoperative state. As a consequence it may require continuous fluid or blood administration to maintain adequate blood pressure with the possibility of overload and pulmonary oedema. The amnesic properties of morphine are not great and memory of the operation may be a significant complication, especially after defibrillation. The droperidol-fentanyl combination frequently produces hypotension by the alpha-blocking effect of droperidol. 7,8 Muscle rigidity (thoracospasm or woodychest syndrome), with poor chest compliance and respiratory depression occurs too frequently during rapid induction. The short duration of action of fentanyl necessitates frequent incremental administration of this drug to maintain anaesthesia, while the long action of the droperidol portion may prolong the postanaesthetic recovery period. Occasionally one also sees extrapyramidal symptoms associated with the use of droperidol-fentanyl. 7 Poor post-operative analgesia and amnesia with early return of pain are also a problem related to this combination.
Diazepam and pentazocine have been widely used in various fields of medicine as tranquillizer and analgesic respectively. However, their application to maintenance of anaesthesia is relatively new. 16-2~ Since 1968, because of stringent narcotic regulations in Japan, pentazocine, in combination with droperidol or other tranquillizers, has gained wide popularity as a supplement to nitrous oxide and oxygen anaesthesia. 21--~9 In 1971, Aldrete z~ combined pentazocine and diazepam in a fixed ratio of 90 nag and 30 mg respectively. The combination, referred to as "Pentazopam", was added to 250 ml of dextrose-saline solution (9,.5 per cent and 0.25 per cent) and administered to a series of 200 cases of regional or topical anaesthesia for various operations. In 12 cases the technique was abandoned because of the patients' response to surgical stimulation, indicating inadequate anaesthesia; however, an excellent amnesic effect was provided. In 1972, three papers appeared from different countries 29,~1,a2 describing this combination as a supplement to regional or general anaesthesia. These studies concurred on the following points:
1. The eardiovaseular system was essentially unaffected, with minimal fall of blood pressure or change in heart rate.
2. There was a slight decrease in respiratory rate and volume. However, this slight depression was offset by the administration of supplemental oxygen. PaCO~ changes were insignificant.
3. Post-operative residual analgesia and retrograde amnesia were good. 4. The technique was well tolerated by all, including 18 patients with a known history of bronchial asthma.
5. There were no instances of thoracospasm or woody chest syndrome and/or extrapyramidal signs, such as have been reported with the fentanyl-droperidol combination.
The only criticism of any consequence concerned the prolonged sedation, and possible respiratory depression when more than 1 mg/kg of diazepam was administered. These clinical studies would support the theory that this combination may have positive advantages in comparison to other techniques such as morphine anaesthesia or neuroleptanaesthesia, especially for cardiovascular surgery.
Although pentazocine causes a considerable degree of respiratory depression, similar to other narcotics, 83-39 it has unique pharmacological action when compared with other potent analgesics. In the average analgesic dosage, pentazocine does not. produce cardiovascular depression unless it is given rapidly intravenously. However, the haemodynamic effects of pentazocine in patients with acute cardiac failure are somewhat controversial. In animal experiments, Ahlgren et al. ~ noted that intravenous administration of 5 mg/kg pentazocine decreased the systolic blood pressure by an average of 18 per cent while 0.5 mg/kg of morphine lowered it an average of 25 per cent. This change was transient and returned to control level in less than one minute. Meperidine (5 mg/kg) produced more prolonged decrease in systolic blood pressure (75 per cent), which returned to control levels in five minutes. In 1971, Levitsky et al) 2 and Rifat et al. 2~ reported that pentazocine has a positive inotropic effect. Using a right heart bypass preparation, Levitsky noted that rapid administration of 2.5 mg/kg pentazocine increased the left ventricular pressure by an average of 28 per cent and demonstrated that force-velocity curves were shifted upwards and to the right, indicating an increase in contractility. Although the inotropic effect was blocked by the prior administration of 0.15 to 0.25 mg/kg of propranolol, it was not altered in animals depleted of catecholamines by the prior administration of reserpine. This indicates that pentazocine may have a beta-adrenergic receptor stimulating inotropic effect secondary to the release of catecholamines. However, Jewitt et alA ~ could not find evidence of positive inotropic effect on isolated heart muscle preparations. In a double blind comparison of 48 nag of pentazocine and 8 mg of morphine in stable, pain-free cardiac patients with coronary artery disease, Alderman et al. 4l found that intravenous morphine administration decreased aortic pressure, cardiac index and venous return which could have contributed to reduction of cardiac output and lowering of the left ventricular end-diastolic pressure. In contrast, marked increase of aortic pressure was observed after pentazocine administration and this was also reported by Scott et al., 4~ as elevation of cardiac index. However, Jewitt et al. 4~ observed significantly increased systemic vascular resistance without change in cardiac index. Alderman 41 also noted that the cause of the elevation of aortic pressure following pentazocine administration was due to increased vascular resistance, rather than increased cardiac output and, overall, it is probably responsible for the elevation of both left ventricular end-diastolic pressure and left ventricular work index. These observations suggest that elevation of myocardial oxygen demand might occur after pentazoeine administration and be undesirable for acute cardiac patients.
In contrast, Alderman et al. 41 commented that "morphine would be considered advantageous from the point of view of diminishing left ventricular work, lowering left ventricular end-diastolic pressure and oxygen demand. However, a reduction in cardiac index and a somewhat variable and unpredictable effect on aortic pressure Would be a disadvantage." These previous investigations revealed that cardiac work was decreased by morphine and increased by pentazocine. In 1973, Brogden et al. 43 reviewed numerous papers related to pentazocine and commented that "the rise in aortic pressure may be of benefit in coronary perfusion~ and the absence of a hypotensive effect may be an advantage in cardiac failure patients having hypotension; however, until further work is available, pentazocine should be used with caution in patients with acute myocardial infarction, particularly in those with evidence of left ventricular failure."
From our clinical studies, we concluded that pentazocine tends to increase blood pressure initially in the majority of patients, but hypotension was occasionally observed in patients with mitral and/or aortic valve disease with a fixed cardiac output.
In the pilot study, droperidol and diazepam were tested as the tranquillizer in association with pentazocine. Droperidol-pentazocine, in conjunction with nitrous oxide and oxygen, provided excellent anaesthesia. However, moderate to marked hypotension occurred in a considerable number of the cases during induction. Despite a negative history of any convulsive disorders, one patient developed grand mal convulsions during the induction. A high incidence of convulsions with this combination or with pentazoeine alone, was reported by Jackson et al. 44 (9. (2 in 55) . As a consequence, this combination was considered undesirable and was abandoned. Diazepam was substituted for droperidol, in combination with pentazocine.
Diazepam provides smooth induction by selective depression of the limbie system without related cortical depression or hypotension. 29,47-49 It also produces good muscle relaxation by its combined effects of facilitation of spinal presynaptie inhibition and potentiation of muscle relaxants. The significant anti-convulsive action of diazepam 5~ offsets the convulsive effect of pentazocine. Not a single case of convulsions occurred with diazepam-pentazocine combination, and no spike dome or similar seizure pattern was observed on the EEG tracings in our series.
Induction was smooth and hypotension was rarely observed, except after the administration of muscle relaxants as a single dose (i.e. over 15 mg of d-tubocurarine chloride or over 4 mg of pancuronium bromide). Since diazepam potentiates muscle relaxants considerably, dosage of the latter should be proportionately reduced and administered slowly to avoid pentazocine combination facilitated maintenance of the patients responded to verbal stimulation within hypotension. The diazepamanaesthesia. The majority of a few minutes after diseontinuation of the nitrous oxide. Another advantage of this combination is compatability with sympathomimetic drugs when they are indicated.
In order to confirm the experiment of pentazocine reversal by naloxone hydrochloride, previously reported by Kollas and Smith 63 and Hatano et al. 64 an incremental dose of naloxone hydrochloride was purposely given to the initial 40 patients. This resulted in a dramatic reversal of the pentazocine depression. Presumably this is the first clinical confirmation of the antagonistic effects of naloxone for anaesthetic doses of pentazocine, and will be reported at a later date by this department.
Diazepam-pentazocine combination provides excellent residual analgesia and sedation post-operatively. In this series, the average time lapse was 7.45 hours from the termination of anaesthesia to the first administration of an analgesic medication. While pentazocine is known to be a weak narcotic antagonist (1/150 of nalline), it is interesting to note that one patient in this series, a known drug addict, was anaesthetized for coronary artery revascularization without any evidence of withdrawal symptoms. Morphine sulphate was also given intravenously when desired for post-operative pain and provided sufficient analgesia and sedation. This would suggest that the antagonistic effects of pentazocine for potent narcotics are clinically negligible, and compatible with the subsequent use of narcotics such as morphine.
After completion of the initial study of 260 cases, using diazepam-pentazocine anaesthesia for operations with cardiopuhnonary bypass, another 60 cases were done using a slight modification of the technique. In these additional cases, the patients received a continuous infusion of 0.1 per cent (1 mg/ml) pentazocine solution through a micro-mini drip chamber (50 drops/ml). This modification resulted in a diminution of the total dosage to an average of 295 mg as compared with 356 mg in the initial series, and provided a more consistent level of anaesthesia than incremental administration. While it may not be significant as yet, it was also noted in this latter series that none of the patients were aware of the stimulus of defibrillation. The modified technique is being continued, with the anticipation that further studies will bear out these findings.
SUMA{ARY
We have reported a series of 320 patients anaesthetized for operations with cardiopulmonary bypass using a combination of diazepam and pentazocine supplemented with nitrous oxide and oxygen. We found it to be a satisfactory technique for the anaesthetic management of patients with poor cardiac reserve. Ease of induction and maintenance were noteworthy with this technique, with minimal side effects during anaesthesia and in the post-operative period. Although the use of pentazocine in large dosage has not been officially approved, we feel that use of a combination of diazepam and pentazocine in the technique we have described has many advantages in anaesthesia for operations with cardiopulmonary bypass.
FOOTNOTe.: This study was presented to the Illinois Anesthesiologists Meeting at Champaign, Illinois, November 10, 1973. Since that time, an additional 180 cases have been analyzed. The findings in these additional cases have corroborated those of the initial 320 cases.
R~UM~
Nous avons pr6sent6 320 Gas de chirurgie fi cceur ouvert anesth6si6s ~t l'aide de diazepam, de pentazocine et de protoxyde d'azote. C'est une m6thode qui nous a donn~ satisfaction chez les malades ~t r6serve cardiaque limite. La facilit6 de rinduction et du maintien de l'anesth~sie, le peu d'effets ind6sirables durant et aprSs l'anesth6sie nous ont senabl6 remarquables avec la technique d6crite. Bien que l'usage de la pentazocine ~ doses ~le%es n'ait pas encore &~ approu% ofl~-ciellement, c'est notre impression que son usage en combinaison avec le diazepam offre de nombreux avantages pour l'anesth6sie des malades subissant une chirurgie ~ cceur ouvert.
